We calculate the amount of output, employment, energy consumption, and CO2 emissions induced by constructing and operating a power plant fueled by unused woody biomass. To do this, we use an input-output table developed to analyze the effects of introducing renewable energy sources. The results show that the power plant can increase the output of and employment in the forestry industry and can reduce economy-wide CO 2 emissions. Because the income of the forestry industry would increase, operating such a power plant may result in preservation of nearby forests. We also estimate the amount of public benefit obtained from preserving that area. 
Introduction
Since the Great East Japan Earthquake, attention in Japan has been focused on constructing an energy system that is not only sustainable but also resilient. Introducing renewable energy sources is indispensable to construction of such an energy system, and a smart grid system is needed to effectively manage the resulting energy. Toward these ends, the Institute for Economic Analysis of Nextgeneration Science and Technology at Waseda University has used a method of input-output analysis to study the effect of the spread of renewable energy power generation and smart grid systems. Every five years, the Japanese government releases an input-output table which reports the annual transactions within about 400 sectors. However, the .
In this study, we focus in particular on the requirements for and effects of power generation from unused woody biomass. Two thirds of the Japanese landmass is forested, but the Japanese forestry sector is stagnating because it is unable to compete on the international market. Typically, timber is graded on a scale from A to D, with C and D grade timber having no commercial value at present. However, more effective use of these unwanted materials could increase the income of domestic timber sources and stimulate the forestry industry.
This may, in turn, improve forest preservation. For these reasons, one idea is to make use of C and D grade timber as fuel in power generation. By using our input-output table, we estimate the direct and indirect effects of a biomass power plant with a capacity of 5700 kW. The plant that is the subject of this study is located in an intermountain basin and fueled by unused woody biomass, namely C and D grade timber yielded from nearby forests. The capacity of 5700 kW is a suitable and well-considered size for achieving adequate supply and demand balance of unused woody biomass from the area. Furthermore, the operation of such a power plant may result in preservation of the This study was partly presented in the GRE2014. nearby forests, so we also estimate the amount of public benefit from preservation. In this way we aim to assess the economic and environmental effects of constructing and operating a woody biomass power plant from a variety of viewpoints.
Some previous studies assessed economic or environmental effects of energy production using woody biomass. Demirbas 2) pointed out the importance of forest residues as fuel sources from a technical point of view. All of these previous studies considered the general effect of woody biomass energy use from a social or national view point. In contrast, our study assessed the specific effect of our subject plant. The method of assessment developed in this study will be useful for business operators.
Direct and Indirect Effect of Construction and
Operation of Biomass Power Plant 2.1 About input-output analysis , Kobayashi et al. 11) ). 
is called the activity vector of activity j. Leontief defined the vector (1) as the representation of production technology of activity j. A full set of input coefficients of all sectors is described by the symbol A and called the input coefficient matrix. Using an input coefficient matrix, we can express a demand and supply balance as follows. LHS of Eq.
(2) is a sum of intermediate and final demand.
Here, x is the induced output vector (in millions of indirect effects induced by a unit of production of i-th good.
The effects contain all production amounts of goods and services directly and indirectly needed all over the supplychain of i-th good. 
Here, I is the unit matrix.
Extension of input -output table
As the existing Japanese input-output Table. Operation estimates for unused woody biomass power plant are based on a report by the Power Cost Verification Committee and the Procurement Price Calculation Committee (FY2012). According to the report, biomass power operation requires 60 million JPY for personnel expenses, 3.98% of total construction cost for repair and other items.
Model
To ascertain the effect of constructing and operating biomass power plants, we calculated the direct and indirect (4) in place of Eq. (3) for assessing the domestic direct and indirect effects.
Here x 
Here, 1 is the vector of induced labor (# of jobs), Û L is the labor coefficient matrix (# of jobs/million JPY), e is the vector of induced energy consumption (in GJ), Û E is the energy consumption coefficent matrix (in GJ/million JPY), c is the vector of induced CO2 emissions (in t-CO2), and Û C is the CO2 emissions coefficent matrix (in t-CO2/million JPY). Table 2 shows the total effects that result from construction of a power plant that can generate 5,700 kW from unused woody biomass. In the table, multiplier is the ratio of total effect to direct effect, and so it shows the degree of the induced effect. The multiplier of labor is 2.48, which means that economy-wide employment attributable to the plant is 2.48 times more than the direct employment numbers needed for plant construction. GWh by the average Japanese (large-scale) thermal power plant. timber) and machinery repair. These are community-based sectors, so operation of a biomass power plant will have a positive effect on nearby economies.
Estimation Results

Environmental Improvements from Forest Preservation
Methodology
In previous section, we estimated output and CO2 emissions induced by construction and operation of a woody biomass power plant using an extended input-output table.
In fact, however, the plant may induce various effects. For example, utilizing unused domestic woody biomass can rejuvenate forests near the plant through higher demand for woody biomass. In this way, CO2 storage on domestic forests will increase. Then the increased domestic demand results in reduced timber imports and reduced CO2 emissions due to fuel used for marine transportation. It also prevents overseas plants from being cut down and keeps the corresponding CO2 stored.
In this section, we estimate future CO2 absorption. .
Replanting after logging is sometimes not properly carried out in developing countries. As a result, the forest deteriorates. Logging in foreign countries can be avoided by ) . As a result, the emission intensity for marine transport is found to be 0.026 kg-CO2/ (t km).
Estimation results
It is estimated that 70,000 t-wet of woody biomass would be needed annually to operate a 5700 kW woody biomass power plant. Moisture content is about 40%. We estimated corresponding CO2 storage or reduction.
70,000 t of woody biomass brought about a 188 t increase in the quantity of domestic CO2 storage over 50 years and of 710 t of domestic CO2 storage over 100 years. When marine transport distance is assumed to be 10,000 km, 18,508 t of CO2 is emitted by ships transporting 70,000 t of imported timber. If the same quantity of timber is transported a distance of 200km by truck, 2,212 t of CO2 is emitted. Since a ship or truck will carry another load on its return trip, only one-way emissions were calculated.
Estimation of Public Benefit from Forest Preservation
Methodology
Forests play multiple roles, including in disaster risk management, the environment, culture and so on. However, financial difficulties in forestry management have resulted in a deterioration of forests in Japan. In this section, the many roles of forests -such those played in flood mitigation, watershed cultivation, water purification, and carbon storage are estimated quantitatively. We estimate the value of these roles by calculating the cost of creating something that has an equivalent function using a different method according to the Japanese Forestry Agency manual 14) . We set an evaluation period of 50 years.
We calculated the flood mitigation benefit by using Eq. (8). (8) Here, Bfm is the flood mitigation benefit, T is the time for forests to become stabilized, Y is the evaluation period, i is the discount rate, f1 is the runoff coefficient before preservation, f2 is the runoff coefficient after preservation, α is the rainfall intensity at 100-year flood (mm/h), A is the area of managed forests (ha), Ufm is the depreciation expense per adjusted flow for flood control damage (JPY/m 3 /s), and the value 360 is used for unit adjustment. In this paper we set T to 15 years. We calculated the watershed cultivation benefit by using Eq. (9). (9) Here, Bwc is the watershed cultivation benefit, T, Y, i
and A are as mentioned above, D1 is the storage rate before preservation, D2 is the storage rate after preservation, P is an annual average rainfall (mm/y), Uwc is the depreciation expense of an irrigation dam per unit quantity of water (JPY/m 3 /s), the value 10 is used for unit adjustment, 365 is the number of days in one year, and 86,400 is the number of seconds in one day.
We calculated the water purification benefit by using Eq. (10).
Here, Bwp is the water purification benefit, T, Y, i, D1, D2, A, and P are as mentioned above, Uwp is the average cost of water purification per unit quantity of water (JPY/ 
, and 10 is used for unit adjustment. Uwp is calculated by assuming the ratio of the quantity of water delivered by a waterworks to the quantity of water obtained during rainfall.
We calculated the carbon storage benefit by using Eq. (11). to carbon dioxide, and Ucs is the economic value of a carbon dioxide (JPY/t-CO2). In this paper we set BEF to 1.23 and R to 0.25. Fig. 3 shows annual costs and benefits generated over time through forest preservation. When forests begin to be managed, benefits will increase until the forests stabilize. After stabilization, benefits decrease due to the effect of the discount rate. Table 7 shows the values used to estimate forest preservation costs. We assumed that the forest would be planted, weeded and cleared, pruned, and waste would be removed once over 50 years. The unit cost for thinning greatly varies depending on initial conditions. In this paper, we set 230,000 JPY/ha as the medium value and assumed that the forest would be thinned three times over 50 years.
Estimation results
It is estimated that 70,000 t of woody biomass would be needed annually to operate a 5,700 kW woody biomass power plant. In Japan, every 50 years a stock of woody biomass amounting to approximately 34,300 m 3 /km 2 is accumulated.
Assuming the density of the wood to be 0.5 t/m 3 , to sustainably supply 70,000 t of woody biomass each year, it is estimated that approximately 204 km 2 of forest would need to be preserved through logging, planting, thinning, and so on.
In the social capital maintenance business, it is common practice to set the discount rate at 4%. However, this setting may underestimate cost and future impact.
Particularly in the evaluation of environmental load, it has been pointed out that this value is not appropriate.
Therefore, in this paper we set the discount rate to 0%. Fig. 4 shows the estimated annual public benefit for a preserved area. Fig. 5 shows the estimated public benefits and cost for a preserved area. The flood control and water purification benefits are quite large, whereas the carbon stock benefit is relatively small. The difference between total benefit and cost is about 100 billion JPY over 50 years.
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Discussion
In section 2, we estimated output and CO2 emissions induced by construction and operation of a woody biomass power plant, and the amount of CO2 reduction from reducing the amount of fossil fuel used in thermal power plants, using an extended input-output table. In section 3, we estimated increased CO2 storage from forest preservation domestically and overseas, and calculated the reduction in fuel used for marine timber import. In section 4, we estimated the public benefit from the preserved forest as a monetary value using a method of cost-benefit analysis on public works projects. These results are compared in Tables   8 and 9 . Consequently, the environmental effect of a constructing a woody biomass power plant is a reduction of 54,645 t-CO2 (If potential increased CO2 storage in forests overseas is ignored, total reduction is 47,681 t-CO2). In our previous study 15) , we found that annual household CO2 emissions total about 7.5 t-CO2, so this amount corresponds to CO2 emitted by 6,500 households.
In Table 9 , we estimate CO2 reductions derived from substituting conventional thermal generation is 30,934 t-CO2. According to an interview with a firm using boilers fueled by woody biomass chips, 2800 t of wooden chips can be substituted for 7,000 kL of bunker A. This shows that 70,000 t of wooden chips -the annual input needed at a biomass power plant of 5700 kW -can be substituted for 175,000 kL of bunker A and correspondingly reduce emissions by 485,000 t-CO2. This volume is much larger than the result of Table 9 . Two major factors are considered:
first, there is energy loss through power generation, and second, generation efficiency of woody biomass power plant is lower than that of conventional thermal power plant.
This macroscopic estimation seems to strongly suggest that wooden chips are better used for boilers at a maximum.
But because thermal demand near a heat source is usually limited, generating power using surplus thermal energy is reasonable.
In this way, woody power generation induces favorable effects in Japanese forest areas, so we should encourage the construction of power plants like these using feed-in tariffs, which are subsidies that stimulate plant investment. After plant costs have been fully depreciated, the subsidy is stopped. This method of subsidization is appropriate for constructing power generation plants for almost all renewable energy sources except for woody biomass, because operational cost is almost zero for all other renewable energy sources. However, in the case of woody biomass generation, the operational cost, namely the fuel cost, is considerably high, so a feed-in tariff or similar subsidy is needed after capital depreciation. From there, the subsidy can trigger many favorable effects in the local economy and environment. This is what makes woody biomass power generation distinct.
Conclusion
In this study, we first calculated the induced effects of constructing and operating a 5700 kW woody biomass power plant using an extended I-O table. Second, we estimated CO2 reduction or storage derived from forest preservation, and also public benefit from forest preservation, by conducting a cost-benefit analysis on public works projects. The results showed that constructing and operating a woody biomass power plant have a total annual monetary effect of 4.822 billion JPY and reduce CO2 by 52,881 t-CO2 per year.
